Objective: To evaluate associations between nuclear cataract (determined from slitlamp photographs between May 2001 and January 2004) and lutein and zeaxanthin in the diet and serum in patients between 1994 and 1998 and macula between 2001 and 2004. Design: A total of 1802 women aged 50 to 79 years in Iowa, Wisconsin, and Oregon with intakes of lutein and zeaxanthin above the 78th (high) and below the 28th (low) percentiles in the Women's Health Initiative Observational Study (1994)(1995)(1996)(1997)(1998) were recruited 4 to 7 years later (2001)(2002)(2003)(2004) into the Carotenoids in Age-Related Eye Disease Study.
association (odds ratio, 0.81; 95% confidence interval, 0.65-1.01). Women in the highest quintile category of diet or serum levels of lutein and zeaxanthin as compared with those in the lowest quintile category were 32% less likely to have nuclear cataract (multivariableadjusted odds ratio, 0.68; 95% confidence interval, 0.48-0.97; P for trend=.04; and multivariable-adjusted odds ratio, 0.68; 95% confidence interval, 0.47-0.98; P for trend=.01, respectively). Cross-sectional associations with macular pigment density were inverse but not statistically significant.
Conclusions: Diets rich in lutein and zeaxanthin are moderately associated with decreased prevalence of nuclear cataract in older women. However, other protective aspects of such diets may in part explain these relationships.
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A GE-RELATED CATARACT IS A common condition among older adults that has been gaining increased health policy importance. An estimated 20.5 million Americans (17%) older than 40 years have cataract in either eye, and 6.1 million (5%) have had cataracts extracted. 1 The number of Americans affected by cataract and undergoing cataract surgery is expected to increase dramatically during the next 20 years as the US population ages. 1 The large increase in cataract surgical procedures predicted for the US population as a whole is of significant health policy concern because treatment for cataract accounts for approximately 60% of vision-related Medicare expenditures. 2 As more aging Americans need cataract surgery, there is concern about the ability of health care systems, particularly Medicare, to fund cataract surgery. 2 Therefore, identifying modifiable risk factors is of critical importance to improving health of older Americans and to the economic stability of the health care system.
Nuclear cataract is the most common type of cataract among older Americans 3 and the most common type of cataract for which cataract surgery is performed. 4 It is more common in women than men and among white individuals. 1 The pathogenesis of nuclear cataract is known to in-volve the accumulated stressors resulting from the inability to sufficiently defend against or repair the damage due to a variety of environmental stressors, including photochemical formation of free radicals. Accordingly, diets high in the antioxidant vitamins C and/or E have been inversely associated with nuclear cataract in many previous epidemiologic studies. [5] [6] [7] [8] [9] [10] [11] Lutein and zeaxanthin, the most abundant lens carotenoids, 12 scavenge superoxide and hydroxyl radicals, 13 protect against UV-Binduced lipid peroxidation in cultured lens epithelial cells, 14 and may further play a role in membrane stability. 15 Diets high in lutein plus zeaxanthin have also been inversely associated with nuclear cataract or cataract extraction in 1 recent study 16 and several previous studies (reviewed by Moeller et al 17 and Mares 18 ). The Carotenoids in Age-Related Eye Disease Study (CAREDS), an ancillary study of the Women's Health Initiative (WHI), was designed in part to evaluate the relationships of the carotenoids lutein and zeaxanthin to the prevalence of age-related nuclear cataract. This study provides data on these carotenoids in the diet, serum, and retina as well as on numerous potential risk and protective factors. Women at high and low extremes of lutein plus zeaxanthin intake at WHI enrollment were recruited into the CAREDS to maximize statistical power to evaluate these associations and associations with agerelated macular degeneration (previously described by Moeller et al 19 ). The a priori hypothesis was that women with high intakes of lutein plus zeaxanthin in 1994 to 1998 have a lower prevalence of age-related nuclear cataract in 2001 to 2004 compared with women with low intakes of these carotenoids. We also report odds ratios (ORs) for nuclear cataract across the full range of intakes and serum levels in this sample and describe whether these relationships are altered after accounting for other dietary, lifestyle, and health attributes that may be correlated with high intakes or serum levels of lutein plus zeaxanthin and nuclear cataract.
The uptake of carotenoids into the intestine and eye is widely known to be highly variable, but conditions that predict levels in the eye are largely unknown. 20 Levels in the retina and lens may be reflected by the optical density (OD) of these carotenoids in the macula. Two previous studies have reported macular pigment (MP) OD to be cross-sectionally related to lens OD in 114 persons older than 50 years 21 and in 39 people older than 55 years. 22 Our study also reports cross-sectional associations of MPOD with nuclear cataract in the larger sample of women in the CAREDS.
METHODS
The WHI Observational Study was a prospective cohort study of the most common causes of mortality and morbidity among 93 676 postmenopausal women aged 50 to 79 years at enrollment at 40 sites around the United States. The original cohort was recruited to the WHI at each of these sites through regional mass mailings and mass media strategies from among women ineligible for or uninterested in participation in the WHI Clinical Trials. Participants were followed up on average 7 years after enrollment. Women were excluded if they had medical conditions that predicted survival of less than 3 years, alcoholism, drug dependency, or mental illness. 23, 24 The CAREDS population consisted of women who were enrolled in the observational study of the WHI at 3 of 40 sites, the University of Wisconsin, Madison, the University of Iowa, Iowa City, and the Kaiser Center for Health Research, Portland, Oregon, and had intakes of lutein plus zeaxanthin that were above the 78th or below the 28th percentiles as assessed at baseline enrollment into the WHI in 1994 through 1998 ( Figure) . This sampling strategy was used to maximize statistical power as previously described. 20 Of the 3143 women who fulfilled these criteria and formed the recruitment pool, 96 died or were lost to follow-up between sample selection in year 2000 and enrollment in the CAREDS in May 2001 through January 2004. Those remaining were sent letters inviting them to participate in the CAREDS. A total of 1042 women declined participation and 2005 (64%) were enrolled. Of those enrolled, 1894 participated in study visits.
Of those enrolled, 1 participant was later excluded because the WHI found that her diet data were unreliable. We excluded 32 women reporting a history of trauma to both eyes, 1 woman reporting cataract extraction before age 40 years, and 132 women with missing or ungradable nuclear lens photographs. Thirty-seven participants were excluded because of missing covariate data. Thus, 1802 women composed the analysis data set for this investigation. All of the procedures conformed to the Declaration of Helsinki and were approved by the institutional review board at each university.
To evaluate potential bias due to lack of participation in the CAREDS, we compared characteristics of women in the recruitment data set who did not enroll in the CAREDS (1138 women who declined, were lost to follow-up, or died) with those who did (2005 women). Women with high lutein intakes were more likely than those with low intakes to join the CAREDS (69% vs 60%, respectively; PϽ.001). There was a slight but statistically nonsignificant (P=.11) difference in the prevalence of self-reported cataract between the participants and nonparticipants (18% vs 21%, respectively).
We further compared women in the recruitment data set who were included in the final analysis data set (n=1802) with those who were not (n=1341). At the WHI baseline, women included in the final analysis data set as compared with those who were not had higher age-adjusted mean intakes of lutein plus zeaxanthin (1.8 mg/d vs 1.6 mg/d, respectively) and lower mean intakes of total fat (31% kcal vs 33% kcal, respectively), saturated fat (10.8% vs 11.2%, respectively), and polyunsaturated fat (6.4% vs 6.7%, respectively); they were younger (median age, 63 years vs 65 years, respectively), had more formal education (78% vs 68% with post-high school education, respectively), and were more likely to have never been smokers (58% vs 54%, respectively), to consume alcohol (73% vs 68%, respectively), to use hormone replacement therapy (54% vs 46%, respectively), to take dietary supplements (76% vs 71%, re- spectively), to be physically active (Ն21 kcal/wk/kg in 27% vs 20%, respectively), and to perceive their health as very good or excellent (63% vs 55%, respectively). They were more likely to report a history of macular degeneration (5% vs 4%, respectively) and less likely to have hypertension (32% vs 36%, respectively) or a body mass index (calculated as weight in kilograms divided by height in meters squared) greater than 30 (24% vs 33%, respectively) (PϽ.05 for all of the characteristics). There was no statistically significant difference in the prevalence of self-reported cataract between those included and those excluded from the analytic data set (20% vs 19%, respectively; P=.74).
DIETARY ESTIMATES
Primary dietary estimates were made from responses to a previously validated, semiquantitative food frequency questionnaire (FFQ) 25 at the WHI baseline (1994) (1995) (1996) (1997) (1998) . We also obtained estimates at CAREDS visits using the same questionnaire, querying intake 15 years prior to the CAREDS (1986-1989) to estimate long-term diet stability. Retrospective FFQs have been found to be reliable indicators of past diet. 26, 27 Nutrient and food group estimates in the WHI and the CAREDS were computed from responses to FFQs at the Fred Hutchinson Cancer Research Center. Data from the 2004 participants with reliable FFQ data (Ն600 kcal and Յ5000 kcal) at the WHI baseline 25 and the 1995 participants with CAREDS 15-year past FFQ data collected retrospectively were used to generate quintiles of nutrient intake and tertiles of food and food group intake for each time.
SERUM ANALYSES
Serum samples were obtained from participants at the WHI baseline examinations (1994-1998) after a fast for 10 or more hours and were stored at −80°C. 28 Serum levels of lutein, zeaxanthin, and tocopherols were determined at Tufts University (2004) (2005) by a reverse-phase high-performance liquid chromatography analysis. 29 Levels of lutein and zeaxanthin represent the sum of the trans isomers. Blind duplicates were analyzed in each batch of serum analyses (in a total of 57 subjects). Mean coefficients of variation were 7.0% for all trans-lutein and 9.6% for all transzeaxanthin. The total triglycerides level was determined by an automated chemistry analyzer based on an enzymatic method with a glycerol blank, 30 and the total cholesterol level was determined enzymatically by the cholesterol oxidase method.
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MACULAR PIGMENT OPTICAL DENSITY
Measurements were made using a standardized protocol by the psychophysical method of heterochromatic flicker photometry during CAREDS visits conducted between May 2001 and January 2004. This protocol, described in detail previously, 20, 32 had high test-retest reliability (r =0.9) and participant responses at 2 wavelengths that are consistent with the absorption spectrum of lutein and zeaxanthin. 32 Briefly, participants viewed a small test field superimposed on a blue background with the right eye. The test field alternates between a wavelength (blue or blue-green) that is absorbed by the MP and a reference (green to yellow-green) wavelength that is outside the absorption band of the MP. When the frequency of alternation is chosen correctly, the test field appears to flicker. When making measurements, the participant is instructed to adjust the energy of the bluish test light so that the flicker stops. The amount of bluish light that is required to produce this flicker null provides a measure of the MPOD at the retinal location of the test light. The subject was instructed to fixate at the center of the following targets: 0.25°, 0.50°, 1.00°, and 1.75°from the foveal center so that the MPOD at different eccentricities was measured in reference to a target at 7°from the center. We used data from 0.50°from the foveal center, the target with the lowest within-to between-person variability.
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AGE-RELATED NUCLEAR CATARACT
Lens photography and eye examinations were part of CAREDS visits that took place between 2001 and 2004 using the standardized Early Treatment Diabetic Retinopathy Study protocol 33 modified as in the Age-Related Eye Disease Study for which grading reliability has been previously reported. 34 Briefly, both eyes were examined with slitlamp biomicroscopy. After pharmacological dilation of the pupils, a single nonstereoscopic photograph was taken of each eye with a modified slitlamp camera (Topcon, Paramus, New Jersey) to grade nuclear sclerosis and nuclear color using the Age-Related Eye Disease Study protocol. 35 The OD of nuclear opacity was graded against a series of 7 standard photographs producing continuous scores on a decimal scale that can range from 0.0 to 7.1. Severity of nuclear sclerosis was determined in eyes that had not previously undergone cataract extraction.
The CAREDS questionnaires completed before study visits were reviewed with participants at the time of the CAREDS visit. Eye history queries included dates of cataract surgery in each eye, trauma to eyes, physician-diagnosed histories of cataract, glaucoma, and macular degeneration, and treatments and lifestyle changes that accompanied these conditions. Family history of cataract was also assessed, identifying all of the immediate family members who had physician-diagnosed cataracts prior to age 75 years.
The primary outcome was nuclear cataract, defined as a nuclear sclerosis severity score of 4 or greater in the worst eye and/or a history of cataract extraction in either eye. It was previously determined in a similar population that the incidence of cataract surgery was highest among people with photographically evident cataracts in the nuclear region of the lens, 4 suggesting that nuclear cataracts were likely in women who had received cataract extractions. All of the 1802 women in this data set (described earlier) were eligible for this end point. A nuclear sclerosis severity score of 4 or greater was an additional outcome among women who had at least 1 natural lens for which lens photographs were gradable (1577 women).
COVARIATES
Age, family history of cataract (immediate family member agedϽ75 years when diagnosed), UV-B sunlight exposure (since age 18 years and in the last 20 years based on outdoor activities during routine and vacation periods, living location, and use of protective gear [hats or sunglasses]), and use of nutritional supplements were queried in questionnaires submitted at the CAREDS visit. Iris color was classified from photographs taken at the CAREDS eye examination. Additional demographic, lifestyle, and health history data were available from questionnaires completed at WHI study entry (education, smoking, physical activity, height, weight, hormone replacement therapy use, alcohol use, pulse pressure, diabetes, hypertension, and cardiovascular disease).
STATISTICAL ANALYSES
We performed t tests, analyses of covariance, and 2 tests to assess the statistical significance of potential covariates in the groups with high vs low lutein plus zeaxanthin intake and by the presence or absence of nuclear cataract. The ORs and 95% confidence intervals (CIs) for nuclear cataract and for nuclear sclerosis scores of 4 or greater (yes or no) were calculated comparing the group with high lutein plus zeaxanthin intake vs the group with low intake using logistic regression (PROC LOGISTIC in SAS version 8.2 statistical software [SAS Institute, Inc, Cary, North Carolina]).
A cataract risk factor model was determined for the CAREDS sample that first considered nonnutritional variables significantly related to nuclear cataract (P Ͻ .10). The model included age (continuous) and the following variables that influenced the age-adjusted ORs by 10% or more: smoking status (never, past, or current), iris color (blue, green, light brown, or dark brown or black), physical activity (in kilocalories per week per kilogram: Ͻ3, 3ՅxϽ10, 10ՅxϽ21, orՆ21), multivitamin use (Ͼ2 years vs nonusers), hormone replacement therapy use (never, past, or current), pulse pressure (in millimeters of mercury), and body mass index.
Additional nutritional variables that were statistically significantly related (PՅ.10) to both nuclear cataract and lutein plus zeaxanthin intake in the CAREDS or that were previously suspected to be biologically plausible confounders were tested by adding them singly to the risk factor model described earlier. These variables included intakes at the WHI baseline of total energy (in kilocalories), total fat (in percentage of kilocalories), saturated fat (in percentage of kilocalories), polyunsaturated fat (in percentage of kilocalories), fruits (in servings per day), vegetables (in servings per day), vitamin C (in milligrams per day from food), vitamin E (in milligrams per day from food), and ␥-tocopherol (in milligrams per day) as well as the use of high-dose antioxidants at the CAREDS baseline (daily intake ofՆ2 of the following 3 antioxidant supplements: Ն 120 mg of vitamin C, Ն 60 IU [40 mg] of vitamin E, andՆ 10 000 µg of beta carotene forՆ2 years). Exposure to UV-B sunlight (measured in Maryland sun years 36 ) was not found to be a significant confounder.
If addition of the covariate changed the OR by 10% or more, the covariate was selected for addition to a larger model. For both the cataract and nuclear sclerosis end points, the covariate that changed the OR the most was added to the model first. The ORs comparing the groups with high vs low lutein plus zeaxanthin intake were reassessed after the addition of each potential covariate. Only those covariates that still changed the OR by 10% or more in the fuller model were retained in the final model. Dietary variables that met these criteria but were strongly correlated with dietary lutein plus zeaxanthin (rՆ0.5) were not included in the final model to limit issues of colinearity.
We tested for interactions to determine whether the associations between lutein plus zeaxanthin intake and nuclear cataract differed according to levels of other risk factors (age, smoking, and UV-B sunlight exposure). An ␣ level of .10 was used to determine statistical significance.
In exploratory analyses, we examined the odds for nuclear cataract in women with high and low intakes of specific foods rich in lutein plus zeaxanthin, including spinach, dark green leafy vegetables, and fruits and vegetables in general. Tertiles of food intake were created using data for the 2004 CAREDS participants with reliable WHI baseline FFQ data both overall and within age strata. Because of the low intake of cooked greens in our sample (spinach, mustard greens, turnip greens, and collards), comparisons were made in those eating less than 1 vs 1 or more servings per month.
Serum levels of lutein, zeaxanthin, and lutein plus zeaxanthin were divided into quintile categories. The ORs and 95% CIs were calculated as described earlier using the lowest quintile category as the referent group.
Exploratory analyses examined the cross-sectional relationship between levels of lutein and zeaxanthin in the macula (MPOD) and nuclear cataract. The MPOD values were divided into quintile categories, and ORs and 95% CIs were calculated as described earlier.
RESULTS
DISTRIBUTION OF RISK FACTORS BY LEVEL OF LUTEIN PLUS ZEAXANTHIN IN THE DIET
The median level of lutein plus zeaxanthin in the diet was approximately 3 times higher in women in the group with high lutein intake compared with those in the group with low intake ( Table 1) . Women in the group with high lutein intake were more likely to be older, nonwhite, college educated, in a higher income bracket, and more physically active and to have lower body mass indexes and serum triglycerides levels compared with those in the group with low lutein intake. They also were more likely to rate their general health status as excellent or very good. Women with lower dietary levels of lutein plus zeaxanthin were more likely to live in Iowa and have blue eyes. The total energy intake was higher in the group with high lutein intake, although the percentages of dietary fats in the diet in that group were less than in the group with low lutein intake. Intakes of dietary fiber, fruits, vegetables, many micronutrients and carotenoids, alcohol, and high-dose antioxidant supplements were also higher in the group with high lutein intake as compared with the group with low lutein intake, as were serum levels of lutein, zeaxanthin, and ␣-tocopherol. Despite higher intakes of ␥-tocopherol, women in the group with high lutein intake had lower serum levels of this tocopherol compared with the group with low lutein intake. Results were similar when examining intakes as nutrient densities, except for -3 fatty acids (0.79 g/1000 kcal/d in the low lutein group vs 0.76 g/1000 kcal/d in the high lutein group; P=.003) and alcohol (3.3 g/1000 kcal/d in the low lutein group vs 2.9 g/1000 kcal/d in the high lutein group; P=.15).
ASSOCIATION BETWEEN DIETARY LUTEIN PLUS ZEAXANTHIN AND NUCLEAR CATARACT
The prevalence of nuclear cataract was lower among women in the group with high lutein intake as compared with those in the group with low lutein intake after adjusting for age ( Table 1 ). The prevalence of nuclear sclerosis scores of 4 or greater was marginally lower among women in the high lutein group vs the low lutein group, as was the prevalence of cataract extraction surgery. Women in the group with high lutein intake were 23% less likely to have nuclear cataract after adjusting for age ( Table 2) . Further adjustment for other cataract risk factors did not substantially alter the OR, although it was only marginally statistically significant (P=.08). The ORs for nuclear sclerosis scores of 4 or greater were similar. In analyses in which both eyes were used as units of analyses, in generalized estimating equations, results were nearly identical (data not shown).
The associations were strengthened when women in this sample were further categorized by quintiles of lutein and zeaxanthin in the diet. Women in the highest quintile category of dietary lutein plus zeaxanthin as com- pared with those in the lowest quintile category were 32% less likely to have nuclear cataract (multivariableadjusted OR) ( Table 3) . Associations with nuclear sclerosis scores of 4 or greater were similar to those observed for nuclear cataract.
We explored the possibility that age, smoking status, and UV-B exposure were modifying the relationship between dietary lutein plus zeaxanthin and nuclear cataract. No statistically significant interactions were observed for age (P for interaction = .67), smoking status (P for interaction = .64), or UV-B exposure (P for interaction=.60) with lutein intake group.
ASSOCIATION BETWEEN SERUM LUTEIN PLUS ZEAXANTHIN AND NUCLEAR CATARACT
A 32% lower prevalence odds of nuclear cataract was observed for women in the highest quintile category of serum lutein plus zeaxanthin compared with those in the lowest category (multivariable-adjusted OR) ( Table 3) . Associations with nuclear sclerosis scores of 4 or greater were attenuated compared with those observed for overall nuclear cataract and were not statistically significant.
CONFOUNDING OF THE ASSOCIATION BETWEEN LUTEIN PLUS ZEAXANTHIN AND NUCLEAR CATARACT BY DIETARY FAT INTAKE
Intake of total dietary fat (in percentage of kilocalories) significantly attenuated the associations between dietary lutein plus zeaxanthin and nuclear cataract ( Table 4) . The associations with serum lutein plus zeaxanthin were less strongly attenuated. The Pearson age-adjusted correlation coefficient between total dietary fat (in percentage of kilocalories; continuous) and lutein intake group was −0.35 (PϽ.001).
Several other nutrients and food components attenuated the association between nuclear cataract and di- Abbreviations: CI, confidence interval; OR, odds ratio. a P trend analyses used lutein plus zeaxanthin (micrograms per day in the diet and micromoles per liter in the serum) as a continuous variable in the logistic regression models.
b Nuclear sclerosis score of 4 or greater and/or cataract surgery. c The ORs are adjusted for age only (continuous). d Multivariable-adjusted ORs are adjusted for age (continuous), smoking status at the Women's Health Initiative baseline (never, past, or current), iris pigmentation (dark brown, light brown, green, or blue), physical activity (in kilocalories per week per kilogram), multivitamin use at the Carotenoids in Age-Related Eye Disease Study baseline (Ͼ 2 years vs nonuser), hormone replacement therapy use at the Women's Health Initiative baseline (never, past, or current), pulse pressure at the Women's Health Initiative baseline (continuous), and body mass index (calculated as weight in kilograms divided by height in meters squared) at the Women's Health Initiative baseline.
e Twenty-four of 1802 participants were missing serum data on lutein and zeaxanthin. etary lutein plus zeaxanthin, including vitamin C, lycopene, beta carotene, and fiber. These were not included in statistical models because of their high correlations with dietary lutein (Pearson age-adjusted correlation coefficients ranged from 0.61-0.77).
ASSOCIATION BETWEEN LUTEIN PLUS ZEAXANTHIN AND NUCLEAR CATARACT AFTER EXCLUDING THOSE WITH DIETARY INSTABILITY
Preliminary data suggested fluctuations in the level of lutein plus zeaxanthin in the diets of women in our sample prior to their enrollment in the WHI. Thus, we examined associations in women whose intake of lutein plus zeaxanthin did not change more than 1 quintile category between the CAREDS 15-year past FFQ and the WHI baseline FFQ (n = 1421). The association with nuclear cataract was similar to that observed in the overall data set (comparing the highest vs lowest quintile categories: age-adjusted OR, 0.65; 95% CI, 0.44-0.95; P for trend=.07).
ASSOCIATION BETWEEN FOOD SOURCES OF LUTEIN PLUS ZEAXANTHIN AND NUCLEAR CATARACT
In exploratory analyses, we examined the odds for nuclear cataract in women with high and low intakes of fruits, vegetables, and specific foods rich in lutein and zeaxanthin. Women in the highest tertile categories of intake of fruits, vegetables, and fruits plus vegetables were approximately 30% less likely to have nuclear cataract than women in the lowest tertiles of intake ( Table 5) . After multivariable adjustment, the ORs were slightly attenuated and only the association with vegetable intake remained statistically significant (P=.03). Associations with specific foods rich in lutein and zeaxanthin, such as cooked greens, dark green lettuces, and broccoli, were in protective directions but not statistically significant.
CROSS-SECTIONAL ASSOCIATION BETWEEN LUTEIN PLUS ZEAXANTHIN IN THE MACULA (MPOD) AND NUCLEAR CATARACT
Exploratory, cross-sectional analyses found a nonsignificant decrease in the prevalence odds of nuclear cataract for women in the highest quintile category of MPOD (median, 0.63 OD units) compared with those in the lowest category (median, 0.08 OD units) (age-adjusted OR, 0.80; 95% CI, 0.56-1.12; P for trend=.23) among the 1714 participants in these analyses who had MPOD values. The association was slightly attenuated after adjusting for other risk factors (smoking, iris pigmentation, physical activity, use of hormone replacement therapy, multivitamin use, and pulse pressure) (OR, 0.84; 95% CI, 0.59-1.19) and further attenuated after adding to the model variables that explain MPOD (lutein intake and body mass index) 20 (OR, 0.88; 95% CI, 0.61-1.25). In analyses in which both eyes were used as units of analyses for the outcome, in generalized estimating equations, results were identical (data not shown).
COMMENT
We observed a moderate decrease in the prevalence of nuclear cataract among women with diets high in lutein plus zeaxanthin compared with those with diets lower in these carotenoids. This association was stronger when examining intake of lutein plus zeaxanthin across all of the levels of intake in this sample (by quintile categories) than when comparing the 2 groups of women sampled who had lutein and zeaxanthin intakes above the 78th and below the 28th quintiles. Associations were similarly strong for serum lutein plus zeaxanthin. Abbreviations: CI, confidence interval; OR, odds ratio. a Nuclear cataract indicates a nuclear sclerosis score of 4 or greater and/or cataract surgery. For the group with high intake of lutein plus zeaxanthin as compared with the group with low intake (N=1802), the multivariable-adjusted OR (95% CI) was 0.81 (0.65-1.01) and the multivariable-adjusted OR (95% CI) including the intake of total dietary fat was 0.90 (0.71-1.14).
b P trend analyses used dietary (in micrograms per day) or serum (in micromoles per liter) lutein plus zeaxanthin as a continuous variable in the logistic regression models. These results are consistent with a body of evidence that supports a protective relationship between lutein and zeaxanthin and nuclear cataract. Lutein and zeaxanthin are the predominant carotenoids in the lens 12 and have been demonstrated to protect against photodamage in vitro.
14 Results of several previous epidemiological studies of samples with average intakes of lutein and zeaxanthin over wide ranges (0.8-3.3 mg/d) have suggested protective associations between high intakes of lutein and zeaxanthin and nuclear cataract, 6, 16, [37] [38] [39] [40] although the association in one study was no longer significant after adjusting for vitamin C 40 and the inverse association was not significant in another. 41 Serum levels of lutein and zeaxanthin combined have been associated with nuclear cataract in longitudinal 42 but not cross-sectional [43] [44] [45] studies, possibly reflecting error and bias related to recent diet change because serum carotenoid levels reflect recent, not long-term, carotenoid intake.
There have been no significant associations reported between the intake of lutein and zeaxanthin and opacities in other regions of the lens. This may be owing to the fact that opacities in other regions are less common and there is commonly low statistical power to assess these relationships. In 1 previous study, 16 the prevalence of cortical and posterior subcapsular opacities were lower among persons with intakes of lutein and zeaxanthin in the highest quintile as compared with those in the lowest quintile, but this was not statistically significant. In this study, we did not obtain lens photographs that would permit us to accurately determine the presence of lens opacities in these regions of the lens.
The associations observed between nuclear cataract and lutein and zeaxanthin in the diet and serum might reflect in part the overall benefits of diets high in fruits and vegetables or related diet patterns. Diets high in fruits and vegetables were associated with decreased prevalence of nuclear cataract in this study and were also related to decreased cataract extractions or cataracts of any type in 2 previous studies. 46, 47 Nonsignificant inverse associations between the intake of fruits and vegetables and nuclear cataract were observed in a substudy of the Nurse's Health Study 48 and in the Beaver Dam Eye Study 6, 37 in which the level of fruit and vegetable intake in the highest quintile was about half of that in the Nurse's Health Study. However, among specific fruits and vegetables, spinach, which is a concentrated source of lutein and zeaxanthin, has been the food item most consistently inversely associated with both nuclear opacities 6, 37, 49 and opacities in any location. 38, 39, 50, 51 We found that the association between nuclear cataract and dietary intakes of lutein and zeaxanthin were attenuated after adjusting for total dietary fat intake as a percentage of calories. To our knowledge, no other studies have reported dietary fat as a confounder of this relationship or as a risk factor for nuclear cataract. Two studies of dietary fat and cataract reported relationships between nuclear cataract and certain types of fat, 41 in one study relationships of linoleic and linolenic acids to cataract and in another long-chain -3 fatty acids to cataract extraction. 52 Because the biological plausibility of a direct association between dietary fat and cataract risk is weak at this time, we speculate that low dietary fat could be a marker for a diet pattern that has a high density of several micronutrients that could protect against cataract and may have contributed to the attenuation of the association by dietary fat ( Table 4) .
The observed protective associations of lutein and zeaxanthin in the diet and serum to nuclear cataract could reflect other aspects of diet or lifestyle that differ in women with diets high and low in fruits and vegetables that are unknown and unmeasured. We further evaluated crosssectional associations of nuclear cataract with MP that may reflect the status of these carotenoids in the eye more specifically. Compared with the CIs observed for the relationship of diet and serum lutein plus zeaxanthin to nuclear cataract, those for MPOD are not only weaker but also wider. This may be owing to the cross-sectional nature of these analyses as well as the variable retinal response to dietary carotenoids. The results are consistent in direction with 2 previous cross-sectional studies 21, 22 of lens OD and MPOD. The stronger ORs and tighter CIs observed for the association of lutein plus zeaxanthin in the diet and serum may reflect the prospective nature of the analyses, the lack of confounding by recent diet change, or the fact that diets rich in lutein plus zeaxanthin reflect other unmeasured aspects of diet or lifestyle that protect against nuclear cataract. They might also reflect imperfect correlations between the levels of carotenoids in the macula and the lens. Prospective studies of MPOD and nuclear cataract are needed to clarify relationships with lutein and zeaxanthin status in the eye.
In summary, we observed that diets rich in lutein and zeaxanthin were moderately associated with decreased prevalence of age-related nuclear cataract in women. Associations were similarly strong across quintiles of dietary and serum lutein plus zeaxanthin. High intakes of fruits and vegetables were also associated with reduced prevalence of nuclear cataract. These observations are consistent with those from previous observational studies. The possibility of a confounding influence of total dietary fat, which might reflect micronutrient-rich diet patterns, should be explored in further studies. Overall, our results suggest that diets rich in lutein and zeaxanthin protect against age-related nuclear cataract. However, other protective aspects of these diets may in part explain the observed relationships.
Years Ago in the Archives
Fever therapy-This method of nonspecific treatment was first used in ophthalmology in 1915 by Schmidt, who injected milk to produce fever. Typhoid vaccine was first given intravenously by Kraus and Mazzada, in 1912, and was first used as a nonspecific protein to produce fever several years later, by Miller and Lusk. From 1915 on, the use of fever therapy in ophthalmology became a favored and occasionally an extraordinarily effective manner of treating ocular inflammation.
Reference: Nielsen RH, Kirby TJ. The modern treatment of uveitis. Arch Ophthalmol. 1957;58:79-108.
